Background: There are various fat sources with different energy values and fatty acid compositions that may affect growth performance and carcass composition of grow-finishing pigs. A higher net energy was recently reported in choice white grease compared with soybean oil. Therefore, two experiments were conducted to determine whether practical responses confirm that difference between choice white grease and soybean oil, and to extend the observations to other fat sources. Results: In Exp. 1, pigs fed fats had lower (P < 0.05) average daily feed intake in phase II and overall period, greater (P < 0.05) gain:feed in phase I, phase II, and overall period than pigs fed the control diet. Pigs fed fats tended (P = 0.057) to have thicker backfat depth at the last rib than those fed control. Pigs fed 6% fats had greater (P < 0.01) gain:feed in phase II and overall period than pigs fed 3% fats. During phase I, pigs fed choice white grease grew faster (P < 0.05) than pigs fed soybean oil. In Exp. 2, pigs fed dietary fats (soybean oil, choice white grease, animal-vegetable blend, palm oil, or tallow) had greater (P < 0.01) gain:feed in each phase and overall period, greater (P < 0.01) average daily gain in phase I, but lower (P < 0.01) average daily feed intake in phase II an overall than pigs fed the control diets. The choice white grease also increased (P < 0.05) average daily gain during phase I compared with soybean oil. Pigs fed palm oil had thicker (P < 0.05) backfat depth at the 10 th rib than those fed soybean oil, animal-vegetable blend, or tallow.
Background
Supplementing dietary fats to swine diets is a practical method to improve growth rate and feed efficiency. Adding 5% or 10% fat to diets for grow-finishing pigs has been shown to increase feed efficiency but, in some cases to reduce carcass leanness [1, 2] . There are various fat sources available for swine producers to use, containing extremely diverse chemical compositions, which influence their digestibility and energy value [3] [4] [5] .
Fats from animal sources are normally considered to have lower digestibility and hence lower energy value than fats from vegetable origin. The lower digestibility appears due to more saturated fatty acids in animal fats, which have lower ileal digestibility than unstaturated fatty acids [5, 6] . However, Kil et al. [7] reported higher swine net energy in choice white grease (CWG), mainly consisting of rendered pork fat, than in soybean oil (SBO). In addition, different fatty acid composition of different fat sources may impact carcass composition of growing and finishing pigs [8] [9] [10] .
Therefore, the first objective of these experiments was to determine whether practical responses confirm the higher swine net energy in CWG than SBO and whether this observation extended to other fat sources. The second objective was to investigate the effects of different dietary fat sources on carcass compositions of finishing pigs.
Methods

Animals, housing, and experimental design
The protocols for these studies were reviewed and approved by the Institutional Animal Care and Use Committee of the University of Illinois at Urbana-Champaign. These studies were conducted in the Swine Research Center at the University of Illinois.
A total of 279 finishing barrows used in these two experiments were terminal offspring of PIC L337 boars × C22 sows (Pig Improvement Company, Hendersonville, TN). The average initial weights of pigs were 64.8 ± 6.20 kg and 73.0 ± 3.98 kg for Exp. 1 and 2, respectively. In Exp. 1, 135 pigs were randomly assigned to 5 different dietary treatments (9 pens per treatment and 3 pigs per pen). In Exp. 2, 144 pigs were randomly assigned to 6 dietary treatments (8 pens per treatment and 3 pigs per pen). Pigs had ad libitum access to feed and water. Pigs were placed in pens (2.6 m × 1.83 m in size) with a partial-slat concrete floor and equipped with a feeder and 2 nipple waterers. The experimental periods of Exp. 
Dietary treatments
Commercial sources of dietary fats from the Midwest of the United States were obtained and analyzed for fatty acid profile prior to diet preparation (Table 1 ). In Exp. 1, 5 dietary treatments for each phase were formulated (Table 2) : a control diet contained corn, soybean meal, and no addition of dietary fats and 4 additional diets by adding 3% SBO, 6% SBO, 3% CWG, or 6% CWG in each phase, respectively. In Exp. 2, 6 dietary treatments for each phase were formulated (Table 3) : the control diet that was same as that in Exp. 1 and 5 additional diets by adding 6% SBO, 6% CWG, 6% palm oil, 6% animal-vegetable blend (AVB), or 6% tallow in each phase, respectively. The experimental diets used in each phase were formulated to meet or exceed all nutrient requirements of finishing pigs according to the Nutrient Requirements of Swine [11] and to have equivalent standardized ileal digestible lysine per Mcal of metabolizable energy. No antibiotic growth promoters were used and all diets were provided in a meal form.
Data collection
Pigs were weighed at the beginning of the trial and at the end of each phase, as well as feed consumption was recorded to determine average daily gain (ADG), average daily feed intake (ADFI), and gain:feed ratio (G:F). Pigs were scanned at the beginning and the end of both experiments using an Aloka Model SSD-500 scanner fitted with a VST-5021-3 probe (Corometrics Medical Systems, Wallingford, CT). This equipment was a convex sector/ linear scanner. The probe had a frequency of 3 MHz, a scanning width of 125 mm, and a diagnostic depth of up to 283 mm. Each individual pig was restrained in a crate during scanning and its live weight was recorded. A longitudinal scan was taken parallel to the long axis of the pig immediately anterior to the last rib, 6.5 cm from the midline on the left side. Peanut oil was used for all scans to achieve contact between probe and body surface of the pig. Measurements taken on the longitudinal scan were backfat depth at the last rib and 10 th rib and longissimus muscle depths at the last rib and 10 th rib. All procedures were based on the methods described in Cisneros et al. [12] .
Chemical analysis
All analyses for the diets were performed in duplicate samples and repeated if results from duplicate diet samples varied more than 5% from the mean. All analysis were completed prior to animal trials. The dry matter of diets was determined by oven drying at 135°C for 2 h [13] . The gross energy of diets was measured using an adiabatic bomb calorimeter (Model 6300, Parr Instruments, Moline, IL). The concentration of N in diets was measured using the combustion method [13] on an Elementar Rapid N-cube protein/nitrogen apparatus (Elementar Americas Inc., Mt. Laurel, NJ). The concentration of crude protein was calculated as N × 6.25. The concentration of crude fat in diets was measured using the petroleum ether extraction method [13] on a Soxtex 2050 automated analyzer (FOSS North America, Eden Prairie, MN). The concentration of calcium in diets was measured using inductively coupled plasma atomic emission spectroscopy in the Experiment Station Chemical Labs in University of Missouri. The phosphorus contents in diets were determined using gravimetric method [13] .
Statistical analysis
Normality of data was confirmed and outliers were tested using the UNIVARIATE procedure of SAS (SAS Institute Inc., Cary, NC). Data were analyzed by ANOVA using the MIXED procedure with pen as the experimental unit. The statistical model included diet as a fixed effect and replicate as a random effect. Least squares means were calculated using the Least-Significant Difference test and means were separated using the PDIFF statement and adjusted with Tukey. Orthogonal contrasts were used to determine the differences between control versus fat, fat source, fat level, and the interaction of fat source and fat level in Exp. 1 and the difference between control versus fat in Exp. 2. For the analysis of backfat depth and muscle depth, pig body weight was used as a covariate. An alpha level of 0.05 was used to assess significance among means. If the P-value was 
Results and discussion
Fatty acid composition
The five dietary fats used in this study had widely different fatty acid compositions ( Table 1 ). The ratio of unsaturated fatty acids to saturated fatty acids were 5.26 in SBO, 1.50 in CWG, 1.02 in palm oil, 3.38 in AVB, and 1.00 in tallow, respectively. The most saturated were tallow and palm oil, followed in order of increasing unsaturation by CWG, AVB, and SBO.
The composition of fatty acids in SBO, CWG, and tallow corresponds to published values [9, 14, 15] . However, the fatty acid composition of AVB used in Exp. 2 is more saturated than the published values [14] . Lipid digestibility and availability are influenced by physicochemical properties of dietary lipids, including the chain length and degree of unsaturation of fatty acids, the position of fatty acids on the glycerol, and the amount of moisture, insoluble impurities, and unsaponifiable materials. The digestibility of lipids increases as the degree of saturation and chain length decreases [16, 17] .
Growth performance
Supplemental dietary fats reduced (P < 0.05) ADFI in phase II (3.350 vs. 3.539 kg/d) and the overall period (3.251 vs. 3.415 kg/d) and increased (P < 0.01) G:F in (Table 4) . No differences were observed in ADG or BW of pigs fed fats compared with those fed the control diet. The higher level of 6% fat tended (P < 0.10) to decrease ADFI and increased (P < 0.05) G:F in phase II and the overall period compared with the lower level of 3% fat. There were interactions observed in ADG (P < 0.10) and G:F (P < 0.05) in the early stage of this experiment, as increasing CWG from 3% to 6% increased ADG and G:F, but the direction was opposite with SBO. Pigs fed diets supplemented with 6% dietary fats had greater (P < 0.01) ADG (1.293 vs. 1.132 kg/d) in phase I, lower (P < 0.01) ADFI in phase II (3.507 vs. 3.877 kg/d) and the overall period (3.395 vs. 3.654 kg/d; Table 5 ). Pigs fed diets supplemented with 6% dietary fats also had greater (P < 0.01) G:F in phase I (0.411 vs. 0.357), phase II (0.332 vs. 0.302), and the overall period (0.362 vs. 0.322) than pigs fed the control diet.
The improved feed efficiency observed in late finishing pigs in both experiments as the dietary energy density was increased by addition of fats was expected and agrees with previously published research [7, 9, [18] [19] [20] . The observation of reduced ADFI as a result of increasing the level of dietary fats also agrees with previous observations [9, 19] , because pigs often reduce feed intake as the dietary energy concentration increases [1, 2] . Supplemental fat has previously increased growth rate in some conditions but not in others, as reviewed by Pettigrew and Moser [1] . In the present case it increased growth rate during phase I only of one of the two experiments.
In many cases, increasing energy intake by pigs results in increasing protein accretion. Often, especially in older pigs, the protein accretion rate reaches a maximum constrained by other factors, so further increases in energy intake do not increase protein accretion. Young pigs often fail to consume enough energy to reach the maximum protein accretion rate [21] . Therefore, protein accretion rate and the associated growth rate are more sensitive to energy status in younger animals than in older ones. This is likely the reason dietary effects on growth rate were found in phase I but not in phase II.
The faster growth during the sensitive early period on diets containing CWG than on those containing SBO in both of the present experiments. The observations support the greater net energy value of CWG than of SBO for growing pigs but not for finishing pigs previously reported by Kil et al. [7] . It also confirms a practical benefit of that greater net energy value. The accompanying superiority of CWG over AVB in the present data suggests this phenomenon may be a general response to degree of unsaturation; the concentrations of unsaturated fatty acids in SBO (83%) and AVB (75%) are much higher than in CWG (58%) used in the present experiment (Table 1) . Contrast analyses between the average of two 3% fat diets and the average of two 6% fat diets e Contrast analyses between the average of 3% SBO + 6% CWG and the average of 3% CWG + 6% SBO f ADFI Average daily feed intake, ADG Average daily gain, G:F Gain:feed The superiority of CWG over SBO for younger animals shown here occurs in spite of the higher digestibility of unsaturated lipids frequently reported [22] , suggesting the absorbed lipids may be used more efficiently in CWG than SBO. This hypothesis was partially supported by the greater lipid deposition in growing pigs fed CWG compared with pigs fed SBO [7] . Potential mechanisms for greater efficiency include reduction in oxidative stress, reduction in turnover of triacylglycerols, and less fatty acid oxidation [7] . A reduction in fatty acid oxidation would be especially important because the predicted energetic efficiency of digested dietary lipids is 66% for ATP production, while the efficiency is 90% if the digested dietary lipids are directly incorporated into body lipids [23] .
It may be inappropriate to extrapolate the greater energy value of CWG found here with finishing pigs to young recently-weaned pigs. Digestibility of saturated fats is sharply lower than of polyunsaturated ones in pigs immediately after weaning [3] .
Carcass characteristics
In Exp. 1, supplementation of dietary fat did not affect backfat depth or muscle depth of finishing pigs, with the exception that the addition of fat tended (P = 0.057) to increase final backfat depth at the last rib (2.329 vs. 2.137 cm) compared with the control diet (Table 6 ). Pigs fed CWG had a bigger (P < 0.05) increase in muscle depth at the 10 th rib (1.439 vs. 1.237 cm) than pigs fed SBO. In Exp. 2, supplementation of 6% fats did not affect backfat depth or muscle depth of finishing pigs (Table 7) . Among fat sources, pigs fed with 6% palm oil had thicker (P < 0.05) backfat at the 10th rib than pigs fed with 6% SBO, AVB, and tallow, while pigs fed 6% AVB or tallow had greater (P < 0.05) muscle depth at the last rib than pigs fed with 6% CWG and palm oil.
Results of Exp. 1 indicate that the inclusion of dietary fats may increase backfat depth, but this was not the case in Exp. 2. Only the diet containing 6% palm oil increased backfat depth compared with the control diet and other diets containing different fat sources. The inconsistency agrees with reports in the literature, as most research [1, 2, 19, 24] found that feeding various fat sources reduces leanness, but some [9, 19] found no effects.
Conclusions
In conclusion, the greater energy provided by CWG than SBO at the early stage of both experiments supports the reported observations from Kil et al. [7] . These observations indicate that the relatively saturated CWG has a greater net energy value than SBO containing greater amounts of unsaturated fatty acids when they are included in the diet for growing pigs. Results from both experiments indicate that dietary fat added as 6% of the diet improves feed efficiency of finishing pigs but may 
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